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SECTION 1

PURPCSE OF DOCUMENT

The U. S. Environmental Protection Agency (EPA), States, and
|l ocal air pollution control agencies are becom ng increasingly aware
of the presence of substances in the anbient air that may be toxic at
certain concentrations. This awareness, in turn, has led to attenpts
to identify source/receptor relationships for these substances and to
devel op control progranms to regulate em ssions. Unfortunately, very
little information has been avail able on the anmbient air
concentrations of these substances or on the sources that may be
di scharging themto the atnosphere.

To assist groups interested in inventorying air em ssions of
various potentially toxic substances, EPA is preparing a series of
docunents such as this that conpiles available informati on on sources
and em ssions of these substances. This docunent specifically deals
with chrom um Its intended audi ence i ncludes Federal, State, and
| ocal air pollution personnel and others who are interested in
| ocating potential emtters of chrom um and maki ng gross estimates of
air em ssions therefrom

Because of the |limted anounts of data avail able on chrom um
em ssions, and since the configuration of many sources will not be
the sane as those descri bed herein, this docunent is best used as a
primer to informair pollution personnel about (1) the types of
sources that may emt chromium (2) process variations and rel ease
points that may be expected within these sources, and (3) avail able
em ssions information indicating the potential for chromumto be
rel eased into the air from each operation



The reader is strongly cautioned agai nst using the em ssions
i nformati on contained in this docunment to try to devel op an exact
assessnent of em ssions fromany particular facility. Since
insufficient data are available to develop statistical. estimtes of
the accuracy of these emi ssion factors, no estimate can be made of
the error that could result when these factors are used to cal cul ate
em ssions for any given facility. It is Possible, in some extrene
cases, that orders-of-magnitude differences could result between
actual and cal cul ated eni ssions, depending on differences in source
configurations. control equipment, and operating practices. Thus, in
situations where an accurate assessnent of chrom um em ssions is
necessary, source specific information should be obtained to confirm
the existence of particular emtting operations, the types and
ef fecti veness of control neasures, and the inpact of operating
practices. A source test and/or material bal ance shoul d be
consi dered as the best neans to determine air em ssions directly from
an operation.



SECTION 2
OVERVI EW OF DOCUMENT CONTENTS

As noted in Section 1, the purpose of this docunent is to assi st
Federal, State, and local air pollution agencies and others who are
interested in locating potential air emtters of chrom um and maki ng
gross estimates of air em ssions therefrom Because of the linmted
background data avail able, the information summarized in this
docunent does not and shoul d not be assuned to represent the source
configuration or emnissions associated with any particular facility.

Thi s section provides an overview of the contents of this
docunent . It briefly outlines the nature, extent, and format of the
material presented in the remaining sections of this report.

Section 3 of this docunent provides a brief summary of the
physi cal and chem cal characteristics of chromum its commonly
occurring forns, and an overview of its production and uses. A
chem cal use tree summarizes the quantities of chrom um produced by
various techniques as well as the relative anpbunts consuned in
various end uses. This background section may be useful to someone
who needs to devel op a general perspective on the nature of the
substance and where it is manufactured and consuned.

Section 4 of this docunent focuses on major industrial source
categories that may di scharge chrom um containing air em ssions.
Section 4 discusses the production of chrom um and chrom um
conmpounds, the use of chromumas an industrial feedstock, and the
di scharge of chromum fromindustrial sources due to its being a
trace contamnant in fossil fuels. For each major industrial source
category described in Section 4, exanple process descriptions and



fl ow di agrans are given, potential em ssion points are identified,
and avail able em ssion factor estimates are presented that show the
potential for chrom um em ssions before and after controls enpl oyed
by industry. |Individual conpanies are named that are reported to be
involved with either the production and/or use of chrom um based on
i ndustry contacts and avail abl e trade publications. Were possible,
the chem cal formof chromumemssions is identified as this
paranmeter is inmportant in considerations of health effects.

The final section of this document sunmmarizes avail abl e
procedures for source sanpling and analysis of chromum Details are
not prescribed nor is any EPA endorsenent given or inplied to any of
these sampling and anal ysis procedures. At this tinme, EPA has
general ly not eval uated these nethods. Consequently, this docunent
merely provides an overvi ew of applicable source sanpling procedures,
citing references for those interested in conducting source tests.

Thi s docunent does not contain any discussion of health or other
environnmental effects of chrom um nor does it include any discussion
of anbient air levels or anbient air nonitoring techniques.

Comrents on the contents-or useful ness of this docunent are
wel coned, as is any information on process descriptions, operating
practices, control measures, and em ssions information that would
enable EPA to inprove its contents. All comrents should be sent to:

Chi ef, Source Analysis Section (MDD 14)

Ai r Managenent Technol ogy Branch

U S. Environnental Protection Agency
Research Triangle Park, North Carolina 27711



SECTI ON 3
BACKGROUND
NATURE OF POLLUTANT

Pure chromumis a steel-gray, lustrous, hard crystalline netal.
It occupies the 24th position in the Periodic Table and belongs to
transition group VIB along with nol ybdenum and tungsten. It
conpri ses about 0.037 percent of the earth's crust and therefore
ranks 21st in relative natural abundance. It is nore abundant than
cobal t, copper, lead, nickel, cadm um nolybdenum or zinc.»® The
maj or physical properties of elenental chromumare presented in
Tabl e 1.

El emental or pure chromiumnetal is not found in nature.
Instead, it occurs primarily in nature as a nenber of the spine
m neral group in the formof chromte ore or chrone iron ore. The
Cr/Fe ratio in chromte varies considerably; therefore, the mnera
is best represented by the general forrmula (Fe, Mg)O+ (Cr, Fe, Al),
O,. Froma chromumrecovery standpoint, the ideal chromte ore has
the conposition FeO ¢ Cr,0;,, which contains about 46 percent chrom um
The majority of the world's chromte supply cones from South Afri ca,
Finl and, the Philippines, and the U S.S.R  Although chromte
deposits are found in the United States, concentrations are so | ow
that chromite mning is not econonmically feasible, and as such is not
perfornmed in this country.?3

Chrom um exhi bits several oxidation states, ranging from-2 to
+6, which dictate its chem cal reactivity, and therefore, its
environnmental and biol ogical significance. The oxidation states of
chromumin various chenmicals, along with the physical properties of
these chemicals, is given in Table 2.4 The npst comon oxi dati on
states of chromiumare +3 and +6, or equivalently trivalent and

5



TABLE 1. PHYSI CAL PROPERTI ES OF CHROM UM

Property Val ue
at om ¢ wei ght 51. 996
i sot opes, %

50 4.31

52 83. 76

53 9.55

54 2.38
crystal structure body centered cube

density at 20°C, g/cnf
melting point,°C
boiling point °C
vapor pressure, 130 Pa? b,°C
heat of fusion, kJ/nol?
| atent heat of vaporization at bp, kJ/nol?®
specific heat at 25°C, kJ/(nol-K)(beta)
i near coefficient- of thermal expansion at 20°C
thermal conductivity at 20°C, W (mK)
electrical resistivity at 20°C, pWm
specific magnetic susceptibility at 20°C
total em ssivity at 100°C nonoxi di zi ng atm
reflectivity, R
8, nm
%
refracti ve index
a
8
standard el ectrode potenti al
i oni zation potential, V

val ence 0 to 3+, V

1st
2nd
hal f-1ife of % Cr isotope, days
thermal neutron scattering cross section, n?
el astic nodul us, GPa°
conpressibility®d at 10-60 TPa

7.19
1875

2680

1610

13.4-14.6

320. 6

23.9 (0.46 kJ/kg-K)
6.2 x 10°°

91

0. 129

3.6 x 10°°

0.08

300 500 1000 4000
67 70 63 88

1.64-3.28
2,570-6, 080
0.71

6.74

16. 6

27.8

6.1 x 1028
250
70 x 103

@ To convert Pa to mmHg, nultiply by 0.0075.
® To convert J to cal, divide by 4.184.
¢ To convert GPa to psi, multiply by 145, 000.

9 99% Cr; to convert TPa to negabars,

multiply by 10.



TABLE 2.

OXI DATI ON STATES OF CHROM UM | N VARI QUS CHROM UM COMPOUNDS AND THE MAJOR PHYSI CAL
PROPERTI ES OF THESE COVPOUNDS*

Oxi dation State Density Mel ting Point Boi I i ng Poi nt
Compound For mul a Appear ance (g/ cn¥) (°O (°O Sol ubility
Oxi dation state O
Chr omi um car bonyl Cr(CO ¢ Col orl ess 1.77 150 (decomposes) 151 (deconposes) Slightly soluble in Cd
crystals (seal ed tube) i nsol uble in HO0,
(CHs) .0, GHOH,
GHs
Di benzene-
chromi um(0) (GsHe) ,Cr Br own 1.519 284- 285 Subl i nes 150 I nsol uble in HO;
crystals (vacuum soluble in GHs
Oxi dation state + 1
Bi s(bi phenyl ) - (GHGHs) LCr | Or ange 1.617 178 Decomnposes Sol uble in
chrom um (1) pl ates CHOH, GHN
i odi de
Oxi dation state + 2
Chronpus acetate (Cry(GHO) , .2H,0 Red crystals 1.79 Slighty soluble in HO
soluble in acids
Chromous chl ori de cad, Wi te 2.93 815 1120 Soluble in HO to blue
crystals sol ution, absorbs O
Chronpus amoni um  Cr SO, ( NH,) ,SO,.6H,0 Bl ue Sol ubl e in HO
sul fate crystals absorbs O
Oxi dation state + 3
Chronic chloride Crd, Bri ght purple 2.87 Subl i nes 885 I nsoluble in HO
pl ates sol ubl e in presence of
Cr+2
Chronic acetyl - Cr ( CH;COCHCOCH;) 5 Red- vi ol et 1.34 208 345 I nsoluble in HO
acet onat e crystals soluble in GH;
Chromi c potassium KCr(SQ,),* 12H,0 Deep purple 1. 826 89 Sol uble in HO
sul fate (chrone crystals
al um
Chrom c chloride [ Cr (H,O,Cy,) Ce 2H,0 Bri ght green 1.835 95 Sol ubl e in HO
hexahydr at e crystals green sol ution turning
green-vi ol et
Chronmic chloride [Cr(HOl O, Vi ol et 90 Soluble in HO violet
hexahydr at e crystals sol ution turning
green-vi ol et
Chrom c oxi de Cr,0 Green powder 5.22 2435 3000 I nsol ubl e
or crystals
Oxi dation state + 4
Chromum(lV) oxide CrG Dar k- br own or 4.98 Decomnposes Soluble in acids to
bl ack powder (cal cul at ed) to Cr,0 Cr*® and Cr+®



TABLE 2.

PROPERTI ES OF THESE COVPOUNDS*

OXI DATI ON STATES OF CHROM UM | N VARI QUS CHROM UM COMPOUNDS AND THE MAJOR PHYSI CAL

Oxi dation State Density Mel ting Point Boi I i ng Poi nt
Compound For mul a Appear ance (g/ cn¥) (°O (°O Sol ubility
Chrom um (IV
Chl ori de cad,
Oxi dation state + 5
Barium chromate(V) Bai(CrQ,), Bl ack- green Slightly deconposes
crystals in HO soluble in
dilute acids to
Cr*® and Cr*¢
Oxi dation state + 6
Chrom um( V1) Cr o Ruby-red 2.7 197 Decomnposes Very soluble in HG
oxi de crystals soluble in CHy
COOH, (CH,CO) .0
Chronyl chloride Cherry-red 1.9145 -96.5 115.8 I nsoluble in HO
crod, liquid hydrol yzes; sol uble
inCs, Cd,
Anmoni um (NH,) ,Cr ,0, Red- or ange 2. 155 Decomposes Sol uble in HO
di chromat e crystals 180
Pot assi um KoCr ) 5 Orange-red 2.676 398 Decomposes Sol ubl e in HO
di chromat e crystals
Sodi um di chronmat e Na,Cr ,0, 2H,0 Orange-red 1. 348 84.6 Decomnposes Very soluble in HO
crystals
Pot assi um chromate K,CrQ, Yel | ow 2.732 971 Sol ubl e in HO
crystals
Sodi um chr omat e Na,Cr O, Yel | ow 2.723 792 Sol uble in HO
crystals
Pot assi um chl or o- KCr O] Or ange 2. 497 Decomposes Sol uble in HO
chromat e crystals hydrol yzes
Silver chromate Mar oon 5.625 Very slightly soluble
Ag,Cr O, crystals in HO soluble in
dilute acids
Bari um chr onmat e Pal e yel | ow 4. 496 Decomposes Very slightly soluble
BaCr O, solid in HO soluble in
strong acids
Strontium chromate SrCrQ, Yel | ow solid 3. 895 Decomposes Slightly soluble in
H,O soluble in
dilute acids
Lead chromate PbCr O, Yel | ow solid
Orange solid 6.12 844 Practically insoluble

in HO soluble in
strong acids




hexaval ent chromium®# Trivalent chromumis chemcally basic and
the nost stable formof the el enent because of its strong tendency to
formkinetically inert hexacoordi nate conpl exes with water, amoni a,
organi c acids, sulfate, halides, and urea.* This characteristic has
great relevance to the behavior of trivalent chrom umin biologica
systens. Hexavalent chromumis acidic and is the nost comrercially,
bi ol ogically, and environnental ly inportant state of chrom um
Hexaval ent forms of chrom um are al nost always |inked to oxygen and
are, therefore, strong oxidizing agents. Characteristically, acidic
hexaval ent chromium fornms chromate (CrQ) % and di chromate (Cr,0)?
ions.?

At normal tenperatures chromiumnetal resists corrosive attack
by a wide variety of chem cals. It will, however, dissolve in
several common acids including hydrof luoric, hydrochloric,
hydrobromi c, and sulfuric with the evolution of hydrogen. Chrom um
is not attacked by phosphoric acid or organic acids such as formc
citric, and tartaric; however, it is slowy attacked by acetic acid.
The corrosion resistance properties' of chrom um can be increased by
depositing a thin oxide filmon the netal surface, and thereby
i ntroducing a condition to the chrom um known as passivity. Chrom um
can be passivated and rendered rel atively nonreactive by the action
of nitric acid (in which it is insoluble), chromc acid, or other
oxi di zi ng agents. It can al so be passivated by superficial exposure
and oxi dation of the netal in air, although this technique is not as
effective as oxidation by nitric or chromc acid.?

OVERVI EW OF PRODUCTI ON AND USE

Chr om um Pr oducti on

Chromi um Ore M ni ng- -

As illustrated in Figure 1, all chrom um netal and chrom um
conmpounds that are produced in the United States are derived from

9



Figure 1.

Refractory
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Simplified flowchart for the production of chromium compounds
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various grades of chromte ore. Three basic grades of chromte ore
are used to produce chrom um conpounds (including chromumnetal):?

S hi gh chromium chromte ore, containing 46 percent or nore
of chrom um oxi de (Cr,0)

- high iron chromte ore, containing 40-46 percent of Cr,0;

S hi gh al umi num or | ow chromi um chromte ore, containing
nmore than 20 percent al um num oxi de (Al,0;) and nore than
60 percent Al ,0, + Cr,0

Chromite ores are generally classified according to the type of
producti on process the chronite ore is eventually used in.

Met al | urgical chromite refers to the high chromiumcontent chronite
ore, chemcal chronmite to the high iron content chronmite ore, and
refractory chromite to high alum num | ow chrom um content chromte
ore.

Chromte ore has not been commercially mned in the United
States since 1961 when the U S. Defense Production Act was phased
out. The phasing out of this programelimnated governnent
sponsorshi p and subsidi zation of chromte mning activities, thereby
maki ng them economically infeasible.® The United States owns chronite
deposits in Maryl and, Montana, North Carolina, California, Won ng,
Washi ngt on, Oregon, Texas, and Pennsylvani a; however, the | ow
chrom um content of these deposits nmkes m ni ng excessively
expensive. In 1982, the U S. inported 456 &g (507,000 tons) of
chromte, nostly from Al bania (0.8 percent), Finland (8.9 percent),
Madagascar (8.1 percent), Pakistan (0.6 percent), the Phillippines
(13.8 percent), South Africa (54.6 percent), Turkey (6.3 percent),
and the U S.S.R (6.7 percent).?®

Production of Ferrochrom um and Chrom um Metal from Metall urgical
Chrom te--

Met al | urgi cal grade chronmite refers to chromte that is used to
produce several grades or types of ferrochrom um chrom umnetal, and
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chrom um additives. The primary fornms of ferrochrom um are
classified as high- carbon, |ow carbon, and ferrochrom umsilicon.

Hi gh-carbon ferrochrom um generally contains 5 to 6.5 percent carbon
and 65 to 70 percent chrom um Low carbon ferrochrom um contains 67
to 75 percent chrom um but only 0.025 to 0.05 percent carbon.
Ferrochrom umsilicon has a chrom um content ranging from35 to 41
percent and a maxi mum carbon content of 0.05 percent. Table 3
summari zes the conpositional structure of the nore prom nent types of
ferrochrom um and chrom um netal .?

Hi gh-carbon ferrochrom umis produced in a subnerged electric
arc furnace by reducing chromte with coke. Low carbon ferrochrom um
i s produced by reducing chromte with silicon in an electric arc
furnace. The internediate product of this reaction is
ferrochromumsilicon. To obtain |owcarbon ferrochromum this
i nternmedi ate product is further treated in an open, arc-type furnace
with additional chromte or a chronic oxide-containing slag. In
every ferrochrom um producti on process, nolten product ferrochrom um
is tapped fromthe furnace, hardened by rapid cooling, broken into
chunks, and graded into conpositional subgroups.?®’

In the nost prevalent electrolytic nmethod of chrom um net al
producti on, high-carbon ferrochromum in solution with other
conmpounds, is used to generate a chrom um ammoni um sul phate sol ution
or chronme-alumelectrolyte. This chronme-alum el ectrol yte solution
undergoes electrolysis to produce Chromiumnetal. The deposition
cycle for this process lasts 72 hours with chrom um netal eventually
bei ng deposited on stainless steel cathodes. The chrom um neta
produced by this operation is about 99.8 percent pure. The second
type of electrolytic chrom um nmetal production involves the
el ectrolysis of a chronic acid/ionic catalyst solution, with the
resultant deposition of chromumnetal. The deposition cycle for
this process lasts 80 to 90 hours and produces a final chrom um neta
that is slightly purer than that obtained from chromne-al um
el ectrolysis.*®
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TABLE 3. COWPOSI TI ON OF TYPI CAL FERROCHROM UM ALLOYS AND CHROM UM METAL !

G ade Chr omi um Silicon Car bon Sul fur? Phosphor us® Ot her®
ferrochrom um

hi gh- carbon 66- 70 1-2 5-6.5 0. 04 0. 03
hi gh-carbon, high-silicon

bl ocki ng chrone 55-63 8-12 4-6 0. 03

exotherm ¢ ferrochrone 41-51 9-14 3.6-6.4 0.03

foundry ferrochrone 55-63 8-12 4-6

refined chrome 53-63 2:52 3-5 0.03

SM f errochrone 60- 65 4-6 4-6 4-6 manganese
charge chrom um

50-55 percent chrom um 50- 56 3-6 6-8 0. 04 0. 03

66- 70 percent chrom um 66- 70 3a 6-6.5 0. 04 0. 03

| ow- car bon:

0. 025 percent carbon 67-75 1° 0. 0252 0. 025 0.03

0. 05 percent carbon 67-75 1° 0. 052 0. 025 0.03

Si npl ex 63-71 2.0° 0.01 ot 0.025
ferrochrom umsilicon

36/ 40 grade 35-37 39-41 0. 052

40/ 43 grade 39-41 42-45 0. 052

chrom um net a

electrol ytic 99. 3¢ 0.012 0. 022 0. 03 0.5 oxygen?

0. 05 nitrogen?

al um not hermi ¢ 99. 3¢ 0. 152 0. 052 0. 015 0.01 0.2 oxygen?

0. 3 al um nunt

a Maxi mum val ue
b Difference between sum of percentages shown and 100 percent is chiefly iron content.

¢ M ni num val ue



The only other source of chrom um netal production cones from
recycling chromium scrap netal. The main source of scrap chromumis
scrap stainless steels and chromumalloys. It is estinmated that
only about 15 percent of the avail able scrap chrom umis being
recovered and recycled as new chrom um netal .?

The flow of chrom um scrap through industry is shown in Figure
2.8 Recycling is generally perfornmed by the firnms producing the
stainless steels and all oys and by specialty firns engaged in
secondary netals recovery. Although there is a considerable anmount of
chrom um contained in various industrial waste products
(e.g., baghouse dusts, slags, pickling Iiquors, plating and etching
wastes, used refractories, and processing sludges), collection and
processi ng costs hinder econom cal recovery on a large scale.?®
Note, in Figure 2, the termrunaround (hone) scrap neans scrap that
has been generated within a facility producing a chrom um cont ai ni ng
steel or alloy, while new (prompt industrial) scrap refers to
chrom um scrap generated by consuners of chrom um containing netals.

In 1982, the United States ferrochrom um and chrom um neta
i ndustry consisted of 11 plants operated by eight different
conpani es. These plants produced a conbi ned total of approximtely
83 &g (91,900 tons) of high- and | ow carbon ferrochrom um and 25 &
(27,400 tons) of ferrochrom umsilicon, chromiumnetal, and chrom um
additives.® Data are not available in the literature to separate the
production totals of individual ferrochrom um grades. However, in
the first quarter of 1983, the Ferroall oy Association reported that
only one plant in the country was actively producing ferrochrom um
All other plants had suspended production of ferrochrom umdue to | ow
demand brought on by a depressed steel industry and the ability of
the steel industry to obtain cheaper ferrochrom umfrom foreign
sources. The Ferroall oy Association estimated that in the latter part
of 1982 and in early 1983, 95 percent of the ferrochrom um consuned
in the United States was inmported.® The increase in ferrochrom um
inports and the resulting deciine in donestic ferrochrom um
production is attributable to a worldwide trend in chromte-producing

countries to vertically integrate their chrom umindustries. Now,
14
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instead of exporting all of their chromite, chromite producers are

only exporting a portion. The major part of the chromte supply is
bei ng processed by the producing country directly into ferrochrom um
and sold to the industrial users such as the United States or Japan
Lower |abor, energy, and transportation costs allow the

chrom te-producing countries to sell their ferrochrom um at | ower
prices than donestic ferrochron um conpani es can.®° Changes or
upturns in the donmestic steel industry that significantly alter the
demand for ferrochrom um could hel p bring several of the domestic
ferrochrom um plants back on line.®

Production of Sodi um Chromat e/ Di chromat e and Secondary Chrom um
Conmpounds from Chenmical Chronite--

Chemi cal grade chromte refers to chromite that is used to
produce sodium chromate (Na,CrQ, » 10 H,0 and sodi um di chromat e
(Na,Cr,0, « 2H,0), the basic chem cals fromwhich all other secondary
chrom um chemicals originate.%® In the United States there are
t hree compani es produci ng sodi um chromate and di chromate chem cal s at
three plant locations. Sodiumchromate is only produced as an end
product chemical at two of the sites. Because of concerns of
di scl osing proprietary data, production information on sodi um
chromate i s unavail abl e. However, the national sodium di chromate
producti on capacity as of January 1983 was 205 Gg (228,000 tons) per
year. 1®

Sodi um chromate is produced by roasting finely ground chromte
ore with soda ash or with soda ash and lime in a kiln. Wen sodi um
chromate is the desired endproduct, recovery is acconplished by
| eaching and crystallization steps. However, sodiumchromate is
general |y not recovered, but instead is converted directly to sodi um
dichromate by treating it with sulfuric acid.>1 Follow ng sulfuric
acid treatment, the final sodiumdichromate product is obtained after
a series of evaporation, crystallization, and drying steps. A sodium
sul fate by-product is also produced during the dichromate process and
is generally sold to the kraft paper industry.
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As many as 40 secondary chrom um chenicals are produced
comrercially from sodiumdichromate raw materials. A list of the
chrom um chem cal s produced in the United States is given in Table 4
(excl udi ng sodi um chromate and di chromate). The nore significant
secondary chrom um chem cal s include potassium chromte and
di chromat e, ammoni um di chromate, chrom c acid, basic chrom c sul fate,
chrom c oxi de, and chrone pignments (chrone oxi de green, chrone
yell ow, chrone orange, nolybdate chrome orange, and chrone green). 10
Chrom c oxi de may be used subsequently to produce chrom umnetal by a
pyronetal | urgi cal reduction process using alum num (al um not herm ¢
process). In the alum notherm c process, chromc oxide is mxed with
powdered al um num placed in a refractory vessel, and ignited. The
reaction is exothermc and self-sustaining, with chrom um netal and
al um num oxi de being generated. Chrom um netal produced by this
method is 97 - 99 percent pure. Additional thermal nethods of
chrom um netal production involve the reduction of chromc oxide with
silicon in an electric arc furnace and the | ow pressure reduction of
chrom c oxide with carbon in a refractory vessel.&17

There are approximtely 30 conpani es engaged i n manufacturing
secondary chrom um conpounds from sodi um di chromat e. 1418

Production of Refractories from Refractory Chromte--

Refractory chromte refers to the grade of chromte that is used
in the production of refractory brick and shapes. Refractory
chromte is nostly used to manufacture basic (as opposed to acidic)
non-clay refractories. Pure chromte ore, mxtures of chromte and
magnesite, and mi xtures of chromte and alumna are used to
manuf acture the refractory brick. The proportion of chromte used is
related to the specific tenperature and corrosion resistance
requi rements i nposed by the refractory's end use.°

The production of chromte-containing refractory consists of

four general steps: raw material processing, materials formng
firing, and final processing. In the raw material processing
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TABLE 4. LIST OF COMMVERCI ALLY PRODUCED SECONDARY CHROM UM CHEM CALS AND THEI R GENERAL USES 1 14.18

Chrom um Cheni cal @

Number

of Production Sites®

General Use

Chromi c acid(Chrom um tri oxi de) 2 El ectropl ati ng
Chromi um acetate 6 Printing and dyeing textiles
Chrom um acetyl acet onate 3 Catal ysts, antiknock conpounds
Chr omi um nonobori de 1 Unknown
Chr omi um car bi de 1 Met al | ur gy
Chr om um car bonyl 2 Catal ysts
Chromi um chl ori de, basic 1 Met al treatnent
Chromi um chl ori de 2 Met al treatnent
Chromi um di bori de 1 Unknown
Chrom um di fl uori de 1 catal ysts
Chr omi um di oxi de 1 Magnetic tape
Chr omi um 2- et hyl exanoat e

(Chrom c octoate) 2 Unknown
Chrom um fl uori de 1 Mordants, catal ysts
Chr omi um hydr oxi de 1 Pi gments, catal ysts
Chromi um hydr oxy di acetate 1 Unknown
Chr omi um hydr oxy dichl ori de 1 Unknown
Chr omi um napht henat e 2 Textile preservative
Chromumnitrate 2 Catal ysts, corrosion control
Chromi um ol eat e 2 Unknown
Chromi um oxi de (Chrone oxi de green) 6 Pi gnent s
Chr omi um phosphat e 2 Pi gments, catal ysts
Chromi um pot assi um sul fate

(Chrone alum 1 Phot ogr aphi ¢ enul si ons
Chromium sul fate 2 Catal ysts, dyeing, tanning
Chrom um sul fate, basic 1 Tanni ng
Chromiumtriacetate 1 Unknown
Chromiumtrifluoride 1 Printing, dyeing, catalysts
Chrone |lignosul fate 1 Drilling nmuds
Pot assi um chronat elMet al treat nent
Pot assi um di chromat e 1 Tanni ng, dyeing, pigments
Lead chromate 5 Pi gment s
Zinc chromate3Corrosion control
Ammoni um di chr onat e 2 Printing, pyrotechnics
Bari um chr omat e 2 Pyr ot echni cs
Cal ci um chromat e 3 Corrosion control
Cesi um chromat e 1 El ectronics
Copper chronate, basic 1 Wood preservative
Magnesi um chr onat e 1 Refractory, catalysts
Stronti um chromate 3 Corrosion control pigment
Iron chromte 2 Refractory
@ Li st does not include sodium chromate and sodi um di chromat e.

b Several sites product multiple chronmi um chenicals.



step, chromte, nagnesite, dolonmte, and other raw materials are
crushed, cal cined, ground, and sized. In the form ng step, the
prepared raw materials are honpgeneously m xed and forned into bricks
and shapes. In the firing step, the forned brick and shapes are
either dried and fired in a kiln or they are fusion-nelted and cast
into nolds. The final processing step can consist of sinple product
packaging or it can involve nore detail ed operations such as fina
grinding and mlling, tar inpregnation, and tenpering. Each of the
nore detailed finishing operations is perforned to inpart certain
characteristics to the refractory to inprove its end use performance. ?°
In 1984, 26 conpanies operating a total of 43 plants are producing
refractory fromchromte ore raw material . 2?22

Chrom um Uses

In 1982, 491 & (545,000 tons) of chromte ore were consumed in
the United States and converted into chrom um containing products.?®
The donmestic consunption of chromite raw materials can essentially be
attributed to three primary user groups or industries: metallurgical,
chem cal, and refractory (see Figure 1). O the total chromte
consumed in 1982, 49 percent or 240 & (267,000 tons) was for
met al l urgi cal uses, 36 percent or 177 & (196,200 tons) was for
chem cal uses and 15 percent or 74 Gy (81,800 tons) was for refractory
uses.® Wthin these primary consunption groups several secondary
chrom um materials are produced that function either as a final
product (e.g., refractory) or as an internmediate in the nmanufacture of
ot her consuner goods (e.g., stainless steel). Figure 3 illustrates
the qualitative distribution of chromumuse in both the primry and
secondary consum ng sectors.? A broader and nore quantitative
perspective of chrom um consunption in the United States, as defined
by the Standard Industrial Classification (SIC) category in which
final use of the chrom umoccurs, is presented in Figure 4.8 Donestic
consunption and distribution patterns of chromumw thin the
metal lurgical, chemcal, and refractory use groups are summarized in
the foll ow ng sections.
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. Transportation Equipment
——epe{ SIC 37
92,700 Mg (103,000 tons)

Construction Products

85,500 Mg (95,000 tons)

- Machinery - SIC 35,36
ey 81,000 Mg (90,000 tons)

Household Appliances

prereree———3»=] SIC 363
43,200 Mg (48,000 tons)

United Statés
Chromium Demand

45%,000 Mg

(510,000 tons) Refractory Products

fee——3me{ SIC 33,3297

26,100 Mg (29,000 tons)

Plating of Metals
e STC 3471
© | 16,200 Mg (18,000 tons)

Chemicals - SIC 281
] 35,800 Mg (62,000 tons)

Other Miscellaneous Products
| 38,500 Mg (65,000 tons)

Figure 4. Final consumer use distribgtion of chromium in
the United States in 1981.
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Met al | ur gi cal Uses- -

Chromum s use in the nmetallurgical industry is to enhance such
properties in steels and other alloys as hardenability, creep and
i npact strengths, and resistance to corrosion, oxidation, wear, and
galling (damage by friction or abrasion).® |In 1982, 71 percent of the
chrom um consuned (as ferrochromum in the metallurgical use group
was used in the production of stainless steels. Fifteen percent of
the chrom um was used to produce full-alloy steels, 3 percent was used
for lowalloy and electrical steels, and 2 percent was processed into
carbon steels.® The remamining 9 percent was used in a variety of other
met al l urgi cal products including cast irons and nonferrous all oys.
The chrom um steels, alloys, and cast irons produced by the
metal lurgical industry are used primarily in the manufacture of
transportation, electrical, and construction equi pnent, heavy
machi nery, and fabricated nmetal products. Chromumis used in a w de
variety of transportation vehicles including autonobiles, notorcycles,
bi cycl es, boats, trains, and snowmbiles. Both commercial and mlitary
aircraft engines are produced with chromum Chromumis also used in
volune in stainless steel tankers to haul mlk, acids, and chem cal s,
and in bulk hopper trailers to haul fertilizers and hygroscopic
materials. In the construction industry, chrom um netallurgica
products are used for oil and gas exploration and producti on,
petroleumrefinery fabrication, power plant sulfur dioxide wet
scrubbers, and bridge construction.?

In the machinery industry, chromumnetals are used to
manuf act ure food processing equi prent, high speed machi ne tools,
cutting and form ng equi pnent, and nachi ne tool accessories, including
dyes and neasuring devices. Chromumuse in the fabricated neta
products industry covers such products as cutlery, hand tools, genera
har dwar e, hospital equi pnent, and home appliances.?® Based on 1981
figures, the conbination of transportation, construction, nachinery,
and househol d appliance consuner uses of chrom um constituted about 66
percent of the total chromumused in the United States (see Figure
4).1
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Chem cal Uses--

In the chem cal use group, chrom umchenmicals, primarily sodium
chromate and sodi um di chromate, are used to manufacture a wi de variety
of consuner-oriented chrom um chem cals and products that have uses in
the foll ow ng areas.

- paints and pignents

- leather tanning |iquors

- nmetal plating and finishing solutions
- corrosion inhibitors

- catal ysts

- drilling nuds

- wood preservatives

- textile nmordants and dyes

A breakdown of the ampunt of chrom um (as sodi um di chromate) used in
each of the areas given above is shown in Figure 5.1 Approximtely 70
percent of the chrom um consunmed donestically for chem cal uses is
accounted for in the preparation of pigment, netal plating, and

| eat her tanni ng compounds.® Chrom um pigments are used primarily in
pai nts, inks, and roofing granules. Metal plating solutions, primarily
chrom c acid, are used in producing decorative autonobile trim and
appliance exteriors. Chromum/leather tanning |iquors are the nost

wi dely used tanni ng products, except for the tanning of heavy cattle
hi des in which vegetable tanning oils are predomnant.! A list of the
key chrom um chemcals applied in all the end use areas given above is
presented in Table 5.

Refractory Uses--

In the refractory use group, chromumin the formof chromte
ore, is used primarily to produce chronme brick, chrone-magnesite
brick, and magnesite-chrone brick refractory, which is used to line
furnaces, kilns, converters, incinerators, and other high tenperature
i ndustrial equipnment.? Chromumrefractory materials are also used as
coatings to close pores and for joining refractory brick within a
furnace or
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Chromic Acid/Metal Plating-28 %
37,923 Mg (42,137 tons)

Chromium Cousumed as
Sodium Dichromate in
1982 - 135,441 Mg

{ 150,490 touns )

Pigments and Paints = 24 %
32,506 Mg (36,118 tons)

Leather Tanning Liquors ~ 17 Z
23,025 Mg (25,583 tons)

‘DﬁnmgM®/ﬁmﬂu—82

10,835 Mg (12,039 tons)

Corrosion Inhibitors - 7 %
9,481 Mg (10,534 tons)

Exports - 8 %
10,835 Mg (12,039 tons)

Wood Preservafives,Catalysts,
Other - 8 %
10,835 Mg (12,039 tons)
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Figure 5. End use tree for sodium dichromate in 1982.

24




TABLE 5. MAJOR CHROM UM USES AND KEY CHROM UM CHEM CALS | NVOLVED

Chrom um Chem cal
Use Area

Key Chrom um
Chem cal s I nvol ved

Pai nts and Pi gnents

Leat her Tanni ng Li quor
Met al Fini shing and Pl ating

Corrosion Inhibitors

Catal ysts

Drilling Mids

Wbod Preservati ves

Textil e Mdrdants and Dyes

Chrone Yel | ows?
Chronme Orange®
Chrome Oxi de G een
Mol ybdat e Orange?
Chrome G een

Basi ¢ Chrom um Sul f ate
Chrom c Acid

Zinc Chromate

Zinc Tetroxychromate
Stronti um Chronmat e

Li t hi um Chromat e

Cadm um Chr omat e
Copper Chronmate
Magnesi um Di chr omat e
Ni ckel Chromate
Copper Chronite

Chr om um Li gnosul f onat e

Chronme Copper Arsenate
Chrone Zinc Chloride

Chrom ¢ Chromate

Chrom c Chl ori de( hydrat ed)
Chrom ¢ Fl uoride

Chrom ¢ Lactate

a Contains | ead chromate.
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kiln.'2 By far, the major consum ng industry for chromtimrefractory
materials is the iron and steel industry. Oher industrial sectors
consum ng significant anpbunts of chrom umrefractory include gl ass
manuf act uri ng, nonferrous nmetal production, primry mnerals

snel ting, and ceram c production.®

Chromum (in the formof chromte) consunption in the refractory
i ndustry has been deciining. From 1977 to 1981 for exanple, chromte
consunption by the refractory industry declined by approxi mately 37
percent.?® The increased use of magnesite and a depressed donestic
steel industry are the major reasons for the decline in the
producti on of chromumrefractory.?®
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SECTI ON 4

CHROM UM EM SSI ON SOURCES

Chrom um em ssi on sources can be divided into two broad cl asses
-- direct and indirect. The first part of this section deals with
direct chrom um em ssion sources. The direct category primrily
i ncl udes sources that either produce chrom um or consune chrom um or
a chrom um conpound to manufacture a product. The source categories
within the direct category are:

- chromte ore refining,

- ferrochrom um producti on,

- refractory production,

- chromum chem cal s production
- chromum pl ati ng,

- steel production,

- leather tanning.

The second part of the discussion in this section deals with
i ndi rect chrom um em ssion sources. Indirect sources are generally
those that do not produce chrom um or chrom um conmpounds and only
i nadvertently handle and emt chrom um because it is present as an
impurity in the feedstock or fuel used in performng their primry
activity. For exanple, during the conbustion of fossil fuels to
produce energy, chromiumis rel eased to thee atnosphere because it is
a constituent of the fuels burned. The source categories within the
i nadvertent category are:

- coal and oil conbusti on,
- cement producti on,
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- muni ci pal refuse and sewage sl udge incineration,
- cooling towers,

- asbestos mning and mlling, and

- coke ovens.

The foll ow ng subsections describe the operations of both direct
and indirect chrom um eni ssion sources and the chrom um em ssi on
points therein. Were available, chrom umem ssion factors are
presented for each source, as well as information on the specific
chem cal formof chromumin the eni ssions.

DI RECT SOURCES OF CHROM UM

Chromte Oe Refining

Process Description--

As discussed in Section 3, no chromte ore is currently being
mned in the United States. Also, the current standard practice of
foreign chromte mning operations is to clean and size the chromte
ore to a custoner's specifications prior to export to the United
States. This existing ore supply structure largely elimnates the
need for a specific donestic chromte ore refining industry.
Consequently the donmestic chromte ore refining industry is quite
small. 1n 1983, only one plant was known to be operating solely to
process and refine chromte ore.1,2 Oher donestic consum ng
i ndustries may perform sone prelimnary grinding and sizing of the
ore before it enters their processes.!?

As shown in Figure 6, the chromte ore refining process consists
of crushing, drying, and grinding the ore, and packaging it to
customer specifications. Oe is first crushed, screened, and dried
in arotary sand dryer.® It is then conveyed to a Hardinge mll for
fine grinding. The fine chromte ore particles are then air conveyed
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through a classifier to a cyclone separator. Oe collected in the
cyclone is dropped into storage bins and nost of the air is recycled
to the mll. The refined chromite ore is then packaged in bags.*?®

Em ssion Factors--

Sour ces of chrom um containing em ssions are indicated on Figure
6. Em ssions of chromte ore would occur during primry crushing and
screeni ng, however, no data are avail able on em ssion rates or
control procedures for these steps. Chromte particles are also
emtted when ore is dried in the rotary sand dryers. These dryers
are equi pped with wet scrubbers, which function at greater than 99
percent efficiency.® The cyclone following the Hardinge mll is
anot her source of chrom um em ssions. Fine chrone ore particles are
pneurati cally conveyed fromthe mlIl to the cyclone where they are
coll ected. However, the process cyclone is not 100 percent
efficient, so sone chrone ore particles will be exhausted fromthe
cyclone. Most of the air is recycled to the mill, but sone is
channel ed through a fabric filter and then exhausted to the
at nrosphere. Fabric filters in this application have been determ ned
to be 99.9 percent efficient.?

The storage and packaging of the refined ore are the fina
sources of chrom um enm ssions. A bin vent dust collector gathers the
air and chromte dust displaced fromthe storage bins as the product
is deposited there. Filter cartridges are used to clean this air and
are reported to be over 99 percent efficient.?®

Tabl e 6 shows em ssion factors for the ore dryer, Hardinge mll
and cycl one system and finished product storage. These factors were
calculated fromstate air quality permt data for the one donestic
ore refining plant.*% The permts listed total particulate em ssion
rates as well as throughputs of chromte ore. The em ssion rates for
el emental chrom um shown on Table 6 were cal cul ated using the
assunptions that chronmite ore contains 45 percent chronic
oxi de(Cr,0),% and that chromc oxide is 68 percent chrom um by
wei ght .
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TABLE 6. CHROM UM EM SSI ON FACTORS FOR CHROM TE ORE REFI NI N&
Chrom um Em ssi on

Fact or

kg/ My( 1 b/ t on)
Source of EmM ssions Cont r ol of chromte ore
processedP

Chromite ore dryer bag coll ector . 005 (.009)
wet scrubber . 001 (.002)c

Hardinge m 1|l and cycl one fabric filter . 003 (.005)

Refined ore storage uncontrol | ed .05 (.09)
dust coll ector . 00005 (.00009)

filter cartridge)
a Em ssion factors cal cul ated as described in test from References 3,
4, and 5.

b AIl enmission factors reported as total elenmental chromium  Chrom um
exists in the em ssions as trival ent chrom um

¢ Factor assunmes 99.9 percent control efficiency
Source Locati ons- -
The only known chromte ore refining plant in the United States

in 1983 was the Anerican Mnerals, Inc. Plant in New Castl e,
Del awar e. 2

Ferrochrom um Producti on

Process Description--

Ferroal | oys are crude alloys of iron and one or nore other
el ements which are used for deoxidizing nolten steels and maki ng
all oy steels.” Chromiumis a conmponent of about 16 percent of
donestically produced ferroalloys.® Types of chrom um ferroalloys
(ferrochrom unm) include high-carbon ferrochronme, | ow carbon
ferrochrone, charge chrone, ferrochrome- silicon, and other | ower
vol une products.®® Chromumferroalloys can be produced by four
different processes. The primary method of produci ng hi gh-carbon
ferrochrone, ferrochrone-silicon, and charge chrome is in an electric
arc furnace. Low carbon-ferrochrome can be produced by either an
exot herm c process or vacuum furnace process, and chrom um netal can
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be produced by an exothermc or electrolytic process.®°® Al four
types of processes have been used in the past, but only the electric
arc furnace process is currently used in the United States.?

In 1980, there were seven plants manufacturing ferrochrom um?
However in the first quarter of 1983, only one plant was actively
produci ng ferrochrom um? Oher plants suspended production of
ferrochrom um due to | ow demand brought on by a depressed st eel
industry and the ability of the steel industry to obtain its
ferrochrom umrequirenents nore cheaply fromforeign sources. The
Ferroal | oy Association estimated that in early 1983, 95 percent of
the ferrochrom um consuned in the United States was inported. The
increase in ferrochromuminports and resulting decline in donmestic
production is attributable to a trend in chromte-producing countries
to do nore processing of the chronmite ore into ferrochrom um and
ot her products before shipnent. Less raw chromte ore is therefore
avail able to be shipped to the United States. Lower |abor, energy,
and transportation costs allow the chrom te-produci ng' countries to
sell their ferrochromium at | ower prices than donestic ferrochrom um
conpani es can. Changes or upturns in the donestic steel industry
could alter the demand for ferrochrom um and bring donestic
ferrochrom um plants back on line.?*

The electric arc furnace nmethod of ferrochronme production is
pictured in Figure 7. Chronmite ore and other necessary raw materials
are brought to the plant by truck or rail and stored in a stockpile
(Figure 7, point 1). Depending on weather conditions and its noisture
content, the chromte ore may need to be dried (point 2) before being
crushed (point 3), sized (point 4), and m xed with other raw
materials to neet process specifications. The charge (raw materi al s)
is then weighed and fed to a subnerged electric arc furnace (point 5)
for snelting (point 6)&°%1

Three types of electric arc furnaces can be used. These are
open, seal ed, and seniseal ed furnaces "8 The operations of each type
of furnace are discussed in succeedi ng paragraphs. Electric arc
furnaces may be continuously or intermttently charged with chrone
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and iron ores, a reducing agent such as alum na, coal, and/or coke,
and slagging materials such as silica or gravel. Three carbon

el ectrodes are vertically suspended above the hearth, and extend 1 to
1.5 m(3 to 5 ft) into the charge materials. Three-phase current arcs
through the materials fromelectrode to el ectrode, and the charge is
snmelted as electrical energy is converted to heat. The intense heat
around the el ectrodes (2204-2760°C or 4000-5000°F) results in carbon
reduction of the chronme and iron oxides in the charge and the
formati on of ferrochromum The nolten ferrochromumis periodically
tapped into ladles fromtapholes in the | ower furnace wall .81

The nolten ferrochrone is cast into nolds and allowed to coo
and solidify (point 8, Figure 7). The casts are then renoved from
the nol ds, graded and broken (point 9, Figure 7). The broken
ferrochrom umis passed through a crusher and screened (points 10 and
11, Figure 7). The ferrochrome product is then stored, packaged
(point 12, Figure 7), and shipped to the consuner.?&1!

Inmpurities fromthe snmelting process are trapped in a slag which
forms inside the electric arc furnace. The slag is periodically
tapped and treated by a concentration process (point 7, Figure 7) to
recover netal values. Slag is processed in a flotation system where
metal particles including chromumsink to the bottomwhile sl ag
floats. The recovered nmetals are recycled to the furnace, and the
remai ning slag is removed and di sposed of .1t

As previously stated, open, sealed, and sem seal ed furnaces may
be used to produce ferrochromumby the electric arc process. Open
furnaces are the nost conmon type, and al so have the highest
potential for chrom um containing particulate em ssions. An open
furnace is pictured in Figure 8.7 A hood is usually located 1.8 to
2.4 m(6 to 8 ft) above the furnace crucible rim Dust and funes
fromthe snelting process are drawn into the hood along with |arge
vol umes of anbient air. Advantages of the open furnace include the
ability to stoke it
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during operation and the flexibility to manufacture several types of
ferroall oy without altering the furnace design. Clains have al so
been made that open furnace operations have fewer accidents and
greater worker safety than seal ed furnace operations.’

The sem seal ed (or semi -enclosed) furnace is pictured in Figure
9. A cover seals the top of the furnace except for openings around
the el ectrodes through which raw material is charged. These furnaces
are either hooded or maintai ned under negative pressure to collect
em ssions fromaround the el ectrodes. Sem seal ed furnaces can be
used to produce sone chrom um containing ferroalloys, but problens
occur in the production of high-silicon grades of ferrochrone because
of the inability to stoke the furnace. Wthout stoking, crusting and
bri dging of ferroalloys around the el ectrodes and charge hol es may
prevent uniform descent of the charge into the furnace and bl ows
(jets of extremely hot gasses originating in the high tenperature
zone near the electrode tips) may energe around the el ectrodes at
hi gh velocity.’

The third type of electric arc furnace; the sealed or closed
furnace, is illustrated in Figure 10.” Packing is used to seal the
cover around the el ectrodes and chargi ng chutes. The furnace is not
st oked and a slight positive pressure is maintained to prevent
| eakage of air into the furnace. Hi gh-silicon ferrochronme and
hi gh- carbon ferrochronme are rarely produced in sealcd furnaces due to
crusting and bridging and the possibility of blows. Care nust also be
taken to prevent water |eaks which may cause expl osive gas rel ease
whi ch coul d damage the furnace and threaten worker safety. Seal ed
furnace designs are specifically used in the manufacture of narrow
famlies of ferroalloys, so plants using seal ed furnaces have | ess
flexibility to produce different types of ferroalloys.” Ferrochrom um
has not been produced in sealed furnaces in the United States,
however it has been produced this way in Japan. 8

A recent innovation in sealed furnaces is the split-furnace

design, in which the upper ring of the furnace rotates nore rapidly
than the | ower furnace. This has a mxing effect on the furnace
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contents and reduces crusting and bridging problenms. Another nethod
used to provide mxing is the insertion of stoking devices through
seals in the furnace walls. Use of these techniques, which are
practiced in Japan and Norvay, makes possible the production of

hi gh-silicon ferrochrone and hi gh-carbon ferrochrone in seal ed
furnaces.®

One alternative to the electric arc furnace process which can be
used to produce | ow carbon ferrochrome is a type of exothernic
process involving silicon.reduction. A flow diagram of the process
is shown in Figure 11. First chromumore and |ine are fused
together in a furnace to produce a chronme ore/linme nmelt which is
poured into a reaction ladle (nunber 1). Then a known quantity of
mol ten ferrochronme silicon previously produced in another reaction
| adl e (nunber 2) is added to ladle 1. 1In the ladle, a rapid
heat - produci ng' reaction results in the reduction of the chrom um
fromits oxide formand the formati on of | ow carbon ferrochrone and a
calciumsilicate slag. The ferrochrome product is then cool ed,
finished, and packaged. Since the slag fromladle 1 still contains
recoverable chromumoxide, it is reacted in ladle 2 with nplten
ferrochrone-silicon produced in a subnerged arc furnace. The
exothermc reaction in ladle 2 produces the ferrochrone-silicon added
to the nunber 1 ladle during the next production cycle.?®

A vacuum furnace process can al so be used to produce | ow carbon
ferrochrone. The furnace, pictured in Figure 12, is charged with
hi gh- carbon ferrochronme and heated to a tenperature near the nelting
point of the alloy. Decarburization occurs as the high-carbon
ferrochrone is oxidized by the silica oxide in the ferrochrone.
Car bon nonoxide gas resulting fromthe reaction is punped out of the
furnace to maintain a high vacuum and pronote decarburization of the
ferrochrone.®

The el ectrolyti